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Abstract. We hawe obtainel new observatios of Stokes | and V profiles of the well-known
magnett chemicaly peculia (CP) sta 53 Camelopardalis with the spectrd resolutim R =
40 000, in the wavelengh range 5000—65GDA, at six differernt rotationd phases and we presen a
magnett modd accountimg for their (periodig variation We hawe adoptel the well-establishd
Oblique Rotata Model, which ascribe the variability of the polarized specta of CP stars to the
presene of magnetc fields organizel on alarge-scalelacking symmety arourd the rotation axis.
The magnetc morphology was recovere within the framewok of a non axi-symmetrc dipole plus
guadrupoe field, with the help of arecenty develope modelling techniqe base on the combinal
interpretation of determinatios of the longitudind field, mean field modulus and broadbau
linear polarization (taken from publisha literature) The so-recoverd magnetc morpholoy has
been usal as input to a newly written code for spectrd synthesis and the synthett specta haw
been compare with the spectropolarimeti observations The modd accouns for strengh and
shape variation of mary spectra lines, althouch — in agreemeh with previous spectroscopida
studies of this sta — we found that the variation in strengh exhibited by lines originated by
some elemens such as Ti and Ca can only be explaina in terms of a non-homogenemielemen

distributions over the stella surface

1. Introduction

Diagnostt tools for magnett fields of chemicaly pe-
culiar (CP) stars of the uppa main sequene are
mainly base on the detectio of those features of the
polarized radiation which can be related by mears of
simple relationship to the stella magnetc topology.

netic signatures in Stokes Q and U profiles

These magnetic quantities appea to chang pe
riodically, with the same period as the stella rota
tion (as deduce from photometrc measurements)
This observe time variation is interprete in terms
of amagnetc field not symmetrt arourd the rotation
axis, so that the observe ses a magnetc configura

The theory of line formation in a magnetic atmo- tion which change as the star rotates The magnete

sphere shows that — under certain assumptions
the analyss of the Zeeman effed on the Stokes | and
V allows determinatim of some quantities such as
for instance the mean longitudind magnetc field,
and the mean magnetc field .modulws (see Mathys
199 and reference theren for a detailed theoretica
treatment) The analyss of Stokes Q and U profiles
provides usefd constraing to the transvere compo
nent of the magnetc field (Mathys 1999) even when
the observatios are performel in a broadban filter
(Landolfi et al., 1993) In fact, for the modelling pur-
pose measuremerstof broadban linear polarizatin
(BBLP) hawe so far been preferra to observatios of
linear spectropolarimetry owing to the noise limita-
tions which often hampe the detectimm of the mag

__topology is though to be organizel on a large-scale

solar-like magnetc phenomen would hardly be de
tectad in a spectrun which resuls from integratin
over the stellar-disk Accordingly, it makes sene to
attemp a descriptiom of the magnetc field with a
relatively smal numbe of free parameters

A technigwe for modelling the magnetc fields of
CP stars has been develope in a recen series of
papes (Bagnub et al., 1996 Landolfi et al.,, 1999
Bagnub et al.,, 2000} the magnetc field is assumd
to originate from the superpositio of a dipole and
a quadrupoe field, and its topology is recovere by
mears of an inversia algorithm which takes into ac
count the constraing given by all the observel mag
netic quantities as well as the projectal rotationd
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velocity and stellar radius. Applications of this tech-
nique (e.g., Bagnulo et al., 1999, Bagnulo k Landolfi,
1999, Bagnulo et al., 2000) have shown that the mag-
netic topologies of CP stars usually exhibit non ax-
isymmetric structures, rather different from a sim-
ple dipolar topology. Further studies can be of great
help in discovering meaningful relationships between
the magnetic field morphology and the distribution
of the elements over the stellar surface, yielding ob-
servational constraints for the diffusion theory.

In fact, the modelling of the observed magnetic
quantities is limited by a number of approximations
upon which both observational and modelling tech-
niques are based. For instance, the interpretation of
Stokes I and V profiles relies on the weak line ap-
proximation, which is mnever verified in the observed
spectral lines. Thus, a comparison of synthetic versus
observed Stokes profiles is highly desirable in order to
get more insight into the problem of how realistic and
reliable magnetic models of CP stars actually are.

The present study represents an attempt to ac-
complish this step towards a convincing modelling
of stellar magnetic fields, presenting a direct com-
parison of synthetic versus observed / and V Stokes
profiles for the well-known magnetic CP star 53
Camelopardalis. Along the lines of a strategy previ-
ously suggested by several authors, e.g., Landstreet
(1988), Stift & Goossens (1991), and Mathys (1999),
we first tried to give a combined interpretation of all
magnetic quantities available in the literature, recov-
ering a number of magnetic models that served as
input to a spectral synthesis code. The theoretical
Stokes profiles were then compared with spectropo-
larimetric observations obtained at the 1 m telescope
of the Special Astrophysical Observatory.

2. Observations of 53 Cam
2.1. New spectropolarimetry of 53 Cam

18 spectra of Stokes / and V, spanning the range
5000-6500 A with R = 40000, were obtained dur-
ing the nights March 6 to 8 1999, April 3 1999 and
April 6 to 7 1999, with the Coude Echelle Grating
Spectrograph (CEGS) attached to the Im telescope
at the Special Astrophysical
The instrumental configuration has been described
by Musaev (1996).

Observatory, Russia.

2.2. Other observational data

For the rotation period we adopted the value of
8.02681 + 0.00004 obtained by Hill (1998)
by means of a first-order Fourier expansion to the

et al.,

observations of the longitudinal field. For the pro-
jected rotational velocity Landstreet (1988) estimates

vsini = 13.0i1.5kms_l Landstreet (1988) also pro-
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vides an estimate for the limb-darkening coefficient
(u = 0.575).

With the so-called photographic technique, eight
determinations of the longitudinal field were obtained
by Preston & Stejneri (1968), and four by Hildebrandt
et al., (1997). Borra & Landstreet (1977) made 18
observations of the longitudinal field by means of the
Hg photopolarimetry. With the same technique, Hill
et al., (1998) have obtained 17 new determinations of
the longitudinal field.

For the mean magnetic field modulus, we adopted
the set of data published by Huchra (1972) and by
Mathys et al., (1997). The first measurement of the
mean field modulus of 53 Cam was published by Pre-
ston (1969), and was also included in our analysis.

53 Cam is the first star to have been monitored in
BBLP throughout the entire rotational cycle, when
Kemp & Wolstencroft (1974) obtained 32 observa-
tions in an extended Johnson B filter. These data
were listed by Leroy (1995), who also published 27
other observations obtained by himself in the stan-
dard Johnson B filter.

3. Modelling
53 Cam

of the observations of

We assume that the magnetic configuration of 53 Cam
can be approximated with the superposition of a
dipole and a quadrupole field, arbitrarily oriented
across the (rotating) star. This particular Oblique
Rotator Model (ORM), described in Bagnulo et al.,
(1996) and in Landolfi et al., (1998), generalizes the
dipolar model first formalized by Stibbs (1950) to ex-
plain the variability of the observations of the longi-
tudinal field observed in most CP stars.

The modelling technique is fully described in Bag-
(2000). Its application to the data for
53 Cam has led to obtaining about ten different sets

nulo et al.,

of model parameters. All these sets were introduced
as input to a code for spectral synthesis (Stift, 1998).
For the spectral synthesis, we have taken a stellar at-
mosphere model calculated with the Kurucz' ATLAS
code, adopting a stellar temperature of 8 500 K and
log g = 4.0.

We found that the model with the lowest value of
the reduced x2 did not account for our observations
of Stokes 7 and V profiles. A much better agreement
was achieved with another model, corresponding to
a secondary minimum of the X2 hypersurface. Such
a model includes a 15kG dipolar component and a
slightly weaker quadrupolar component. It will fully
be described in a forthcoming paper.

Our spectral synthesis was carried out throughout
the entire observed spectral range. As expected, many
spectral lines could not be identified, and for many
lines we found inconsistency between the observed
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Figure 1. Synthetic {solid lines) versus observed (dots) Stokes I and V profiles for the CP star 53 Camelopardalis, af

five different rotational phases.

strengh and the oscillata strengh given in the lit-
erature This is an obvious and well-known problem
and alot of work is in progres to improve our knowl-
edge of the atomic parametes (Kupka et al., 1999)
A typicad exampk of our resuls is shown in Fig. 1,
which shows the modd predictiors for the spectra
lines in the spectrd region arourd 6400A. The fig-
ure is organizel as follows. The uppea pané shows
the observel Stokes | (dotg togethe with the modd
predictiors (solid lines). The origind 18 specta were
groupd in six set of spectra ead of them observel
on the sane night, in fact, only five ses are actu
ally plotted in Fig. 1. Therelevan (averagé rotation
pha® is indicated on the right side of the plot, and
defined accordirg to Bagnub et al., (1996) The lower
pané refers to the V profile, and is organizel in an
analogos way.

It appeas that the modd adequate} represers
the observel Stokes | and V profiles On the whole,
it is clea that the magnetc intensificatim plays a

major role in determinirg the shape of Stokes I, thus
caution is requird in interpretirg shape and strengh
variation of spectrd lines in terms of abundane in-
homogeneitiesHowever it seens very likely that the
strong variation exhibited by lines of certan elemens
(e.g Ca and Ti) can be explaina only in terms of
abundance patches
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